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INTRODUCTION 
The sugar industry is the largest and most impoltant indus- 
try in Formosa. It yields about 60 per cent of the total for- 
eign currency of all exported Formosan goods, and about one- 
sixth of the population depend directly or indirectly on it for 
a living (1). It has a cohsiderable influence on the economic 
structure of Formosa. The Taiwan Sugar Corporation produced 
about °P0,000 tons of sugar during the year 1053 (1). 
The purpose of this research was to obtain pertinent data 
and make a preliminary evaluation of the by-product power generat- 
ing resources of a typical Formosan sugar factory and the most 
advantageous means for exploiting these resources in the national 
interest. 
GENERAL DESCRIPTION OF TAIWAN .ft;GA;; CoRPOtATION 
Before the end of the World War II, the Formosan sugar in- 
dustry consisted of Nitto Kogyo Sugar Mfg. Co., Ltd., Taiwan :sugar 
Mfg. Co., Ltd., Meiji Sugar Mfr. Co., Ltd., and Ensuiko sugar 
Mfg. Co., 14td. These four sugar companies altogether awned fort- 
two modern factories. The attack of the allied air force during 
the Pacific War inflicted heavy damages on thirty-six of them, 
and only eight factories escaped from the bombardments. 
Upon taking over the management from the Japanese, the 
Chinese government immediately set up a supervisory committee 
whose function was to keep the sugar industry in coAinuous oper- 
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ation and to prepare for reorganizing the industry. On ..ay 1, 
1046, Lae Taiwan Sugar Corporation was formed. Phe four former 
Japanese companies were merged into the Corporation as its four 
district branches and the sugar factories were rehabilitated 
and reduced to 36 in number. rile total capitalization was then 
three billion Taiwan Dollars, and was divided between the lAtional 
Resources Commission and the Provincial Eovernment of Formosa 
at a ratio of six to four. 
In August 1946, the Corporation was ordered to place its 
shares on the open market as a parallel policy to the government 
stabilization program. At the same time, the local sharehelders 
of the former Japanese sufar companies also ',Ammo shareholders 
of this Corporation. The necessary reorganization was carried 
out in September 1948. As a result of the currency reform intro- 
duced by the Provincial government in June, 1249, the total 
capitalization was revalued at 600 million New Taiwan Dollars. 
In July 1950, the four district branches were supereded by 
the five district branches of Pin{;tung, Tsungyeh, 
uwei, and Taichung as agencies to supervise the operation of 
the sugar factories in their respective districts. In the mean- 
time, the Tangtze factory and the Wuji factory were merged into 
the Taichung district factory, and the factories at heinchu, 
Miaoli, Chusan, and Henohung were closed in July 1951. There 
are now thirty sugar factories in operation. 
In January 1951, a new unit of the company named the Agri- 
cultural Engineering office was formed. This replaced the former 
unit of AMOMO (Agricultural Machinery Operation and Management 
Office). 
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To supply compost manure for cane fertilization, a plan for 
a Farm Animal Breeding Station was put forth by the company in 
July 1982, and the preparatory work was started in the former 
Hsinchu factory. 
A recent creation is the Taiwan Molasses Corporation which 
is to be jointly owned and operated by the Taiwan Sugar Corpora- 
tion and the Japanese merchants so as to insure a market for the 
Taiwan Sugar Corpor ation. 
The sugar factories and other organizations of Taiwan Sugar 
Corporation (TSC), Formosa, are listed in Table 1 (2), and the 
distribution of the Taiwan Sugar Corporation sugar factories and 
other organization is shown in Fig. 1 (2). 
A BRIEF SUMMARY OF THE TAIWAN SUGAR MANUFACTURING PROCESS 
Defecation Process 
The cane is cut by band or machine and is brought to the 
mill where it is out into small pieces in a mechanical cutter 
and then shredded (Figs. 2 and 3). It is then passed through 
several sets of rolls, at a pressure of from 300 to 600 tons, 
which squeeze the juice from the cane. Louisiana mills pioneered 
in the use of turbine drives (Schmertz, 3). Some of the Formosan 
sugar mills pioneered in the use of electric motor drives for the 
mills to replace reciprocating steam-engine drives (4). However, 
most of the mills still use steam-engine drives. 
The mixed juice is heated, strained, and then heated again. 
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Table 1. Taiwan Sugar Corporation sugar factories 
and other organizations. 
A It 461 
Na Markt 
* (1 * * 
Nam 
6 s, It m. 1 
1474.77` L.... 1 
*ANA 
EMAIIM4 
'"s,: 1***-4 It *= 4 2,,::::',:. ;Ili:Zen': 
V2.7 1 1."1"*" ""14'.7::" r....:(4..) ( A1'.1%,' ) 
ir * IT 1 * AF * Yard of Otredere . 2. Lee, Teign lk.II354. (1946) 
A *. 411 16111* I * 15 * 
Head Office C. T. Y.* Tage1 91033* (1948) 
* * * 4 
Sager Exp. Ina** AT* 1 S. K. La 
I-42* 
Wang 
* A * 
Taken 
114210* (1902) 
A * 0 /8 Swx Vag. La. Plagaing Bata* S.C. A * * Malang 
A A * 
Tama 
0,2136* (1946) 
g g . a g. 
*v. 3414429 0* is a I 11. 2.61 
9440* (1951) 
t.,1%,,*,,5, 
Treas. Saving Sam 
**t I a, A* 
S. Own Kaaba. 3.12** (1947) 
38 * A ...I ....,4t, el.% IL...A ,,dtv RBI * 3, A 42 ..m * 3,4 .3 001 1, . 153-903-37 
22 
* 
85 * * * A Teliang Sugar Factory it* D.Waag * * Teheng AAR ,*. (1916) 880 4 .3..1* 41 21,,el '4 160.76 34-177-34 
10 
* 
I 
* 
li 
1. I 
* * Ay A 
Tannisang Maria Sag. new, 
444* * .1. * 
H. C. Lin gaiehang 
*A 1) OM) 
t.lk 1* (11) 
1'4147 
3,900 
1 
J.300 
Kg 
4 _,4 * 
A A iic D. 
2 *4 .' ,  i 
Akshol. Yaw 1,322.87 226-739-09 
8 10 4e, * A 
,98.41aie Saga, Peraer, 
444 41 St 
V. T. Harm Magian 73.59 128-897-99 
-.-- 
13 4 2.4,4 Sagartetary A G. 1.44to Takhoot .4 A * 1,017.70 89-804-71 
n 4 Adits. FA n A 1,2, it 't'm A' 91234. 73,0 A En ik Del 896.17 9P-197-54 
14) 
* 411 41 fit lam Sager neer, 141(14 eit .15. E. H. Ma Km. 9* 1* (1912) / * 44 14 OA Ca*. AI 4* ' * A/erthe1 114.1 180-544-64 
31 g 711 Itt. * Cho 01 it *1 4t S. Mimi Cnandina RAM* (1921) g, 4 64.1* 81 Atti* 1,814.401 133469-00 
as 4 61 * A L. N ft A 0. CM*. Sager nee, a a,.. Cam** IV? 3* (1909) 2,03j A 4 4 1,143601 131-616-60 
1 
0, A, 4 A *A t * * 
H.* Diane %au Penn, . H. Chia YingSag 
2 2..:::a 
(gla Weil .1E0 
4,90,,zigt. :141421;.6 
...Tyr. Alcohol, Yeast 918.61 242-211-38 
5 a e ....1L,,,,* tiirt 1,. '* Laegea ,zr1,..2:7 moo 4 gi:k 1 'AL 4 1,197.51 106-645-11 
It i6 41 A Pea.* Sager P.m, IV. **4 C. Chas 
404* 
T. Y. CM 
91 * IS**. 
A A 
Magi 
9911 4 
119199 
9912 * (1913) 
3.800 
1,600 
.:k .6 it,. 
4 D.1.54 
1,878. 157-682-14 
964.7 110-209-18 Is 
___ 
6 
* * 41 A 
Tate Sago Pa*, 
+ * st. A NAM Tar*, Sags, Feetery 77+ * * ' Thom 911 I * 880 I( It '1: Ord. Ca*. 1,483.68 90-071 -08 
33 
- gr 
* ' 
a * * a 
14**ia Diana Sugar Pam, 
gy a 
P. Y. La 
* a 
Tanen 
y9121 .ci 
71. :lair oomktAA 
Cd 2 lam 441.144 e,..,1 ,,,,, I. 0.4, A.. Yeaa 
27 i'w It' tg. t* ,Igt 4..C! 19.. 1 *Taus4 `111:2,7 It 86! Ord Garb. 914.21 107-944-71 
4'Neriait Sap 'n......,. Ititi sic,..,.A. 
4.51**-... 
'le.* AL * A 2 **-',".. 4 075. C** Meal. Yaw 2,051. 195-647-91 
142-537-11 
92-647-62 
. * II 4* * 0.3.. 43., Faa,a,a & ,. C. y. C a** 14.11 1 4. (511:2) 
. 911* 
eg:E II MT 
3 
' 
4 ,* * 
717. 
4212/12116 
Pi J.C...b. 
ily .14.'s? ;a. 
Akan. Y.* 
. 
1 2,461.361 
850.111 34 4 It 41 A 
Mari Sager Pane, 
f* 4 * A 
C. Ma TWO 
25 
MI 
. 
,4 ''. 
* * 26 A Tian*. Diana Sagar *imam 4 * C. Ws * A Tana. 14.1) 1* (1911) ,,343 2 45 A 35 *5 2- 4 23343 47_74,44 
121-280-97 
4 j' Vain: .....1. A 0.410.41. *Teimaa4 Riltiaj. No A A A DeL 1411.77 
19 * * * 4* A Cheleehien 3.9., Parma *A* C.P. 
i 0** 
S. C. Y 
* A 
Tama 
* * Tim 
RA 4* (1910 
.,a. 
11.. ,), 
a.i.L. ,4 
CI pan jr, 
1,39c,een**e 
*AEC.* 
,564. EGA. 
4 A A 
Di. 
9,119.46 
4699.32, 
97483-59 
10 ' li * 45 * 
--Soaluotlao Sow Pecoary 
ii0J.,.......r 
3.300 
87-601-14 
31 4 4 4 A 
Wash Sega, Peerary 
4- 4 * A 
.S.Y Taal 
A 1f. . fli 
511.11 load 
1.834,33 
486.04 
70_781_66 
I 
16 4 4. 0 A 961.a.g. Saar Peetarg *a + * a L P. Ten Tiro ILA 3* (19MM moo 4 4.. A 72-789-91 
15 65 * 12 * Myra* Disinter Sager Peer, 9. 1.55425..1 
4t* 
C.1 La 
A * 
A 4* 
14.6.1.5 
341,f4.7 
,i,......1.6,...44:, 
(j iiim- -7 
eel 2* (1914) 
3.860 
1,060 
1,800 
LI! 
e A *I 
. o: ,. 
'1, ,..;. 
I *AU,* 3,044. 322_242_47 
16 
16 
17 
" 
A 
* 
a 
A 43 42 * A 
Cliaaseisni Sugar Faelary 
.314r12 
I 4/414...y 41 
1 Hani.tra 
8,571. 
2,697.67 
81.419-80 
88-70348 'I' 88 * 4 31*** %gar Paso, 4k/' T. P. CM. 4 * Kmbailsag 
1 * * 41 A 
Taaglumg Sugar Pea es 
c,**113 Ai *0 
. &Chair Palm( kiln+ (1993) 
'z1111; 
1,800 44.. 1 
1 
2,899.14 78-201-47 
4 Chi %....r A T. Crili f'..h.,-1 ix. ctill 9,00... 111-7110-44 
4- If Total 64650 1 4100.58 3426-152-67 
1 
tr 
**411.111t41114-81*491 
Err/Au/iv Om railway filanoreve f frrfuer ffehu &VII/ Frrar,. 
E ILLUSTRATIONS 
2,-aellas CORP. Floa LAO. OS 
ti rag TSC NEAP OFFICE 
.o SIM TRANSPORTATION STATION 
OD ammo SUGAR FEAESIMENT INSTITUTE 
O eist DISTRICT FACTORY 
11.* FACTORY 
FART; ANIMALS 
151.16.011. STATION 
Mg: NE g 
HUWEI DISTRICT 
PtiNGMU PREFECTURE 
PF a ER 
INC DISTRICT 
'Pins 
OPIO 
OP ME MR 
EAST DISTRICT 
rZ5! 17 L7: 
PINETUNG DISTPICT 
.***11*E11111Mtlen 
GRINDING CAPACITY 
3.000 OVER 3,000MT 
2.000- at:lop-aim 2o0D-3,000M.T 
1.000- 2000Z111 I.000- 2000MT 
1.000 SORT UNDER 1.000MT. 
Fig. 1 Distribution of Taiwan Suplar Corporation 
guitar factories and other organizations 
5 
The defecation or clarification of the juice is accomplished by 
means of lime and heat. The acidity of the juice is neutralized 
by milk of lime and its temperature is raised to the boiling point. 
It is then passed through the subsider to separate the clarified 
juice from the mud, and thus impurities are removed. The mud is 
passed through the Gliver-filter and the resulting filtrate or 
press-juice is then sent back to the mixed juice receiver. :Cho 
precipitates retained in the press, called filter-press cake, are 
discarded or used for fertilizinc the cane fields. The clarified 
juice is passed through multiple-effect evaporators where it is 
concentrated. Following this procedure, the juice is sent to 
vacuum pane where sucrose or sugar is crystallized out. The mix- 
ture 3f crystallized sugar and syrup is centrifuged to get A 
sugar and first molasses. The first molasses is returned to a 
second vacuum pan and it is processed the same as before to ;et B 
sugar and second molasses. The mixture of A and b sugar is packed 
into bags (B White Crystal, or Raw Sugar) for shipment to refin- 
ing plants. '..;econd molasses is introduced into a third vacuum 
pan to get C sugar and final molasses. C sugar is mixed with 
syrup and is returned to the first and second vacuum pans. Anal 
molasses is used to manufacture alcohol, yeast, and other chemicals. 
Bagasse, which flows from the fourth mill, is used as fuel for 
firing the boilers. It can also be used as raw material for 
celotex-type bagasse-board, structural-type bagasse-board, and 
paper pulp (4). 
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Principle of Defecation Process 
Defecation or subsiding is the process in which the impuri- 
ties (colloids) in the juice are precipitated by liming, and al- 
lowed to settle out under the force of gravity. It will be ob- 
vious that such a process is feasible only when there is a defi- 
nite difference in specific weight of the materials to be separ- 
ated. After dormitioni.a_ocusplatai, thera...will_remain three 
zones: 
1. The scum, floating on top of the juice. 
2. The clear juice itself. 
3. The mud beneath the clear juice zone (Tromp, 5). 
The reaction which takes place upon adding the lime to the 
juice is as follows: 
G12H22°11 Ca(OH)2 O12H22011 CaO 1120 
Sugar Lime Calcium Monosaccharate 
(Soluble at room temperature) 
C121122011 C 2 _ a OH ( _ _ )2 C12H22011 2Ca0 + 21i20 
Calcium Disaccharate 
C121122011 3Ca(OH)2 C12H22011 We) 31120 
Calcium Trisaccharate 
(Insoluble after heating) 
Precipitate 
Principle of Double Carbonation Process 
The double carbonation process consists of the following 
steps: 
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First carbonation: This produces a precipitate or CaCO3 which 
absorbs the impurities_Of_theA4C4. 
Second carbonation: This reduces the amount of lime in the 
juice, accelerates the reaction and produces a second precipi- 
tate of C5003 preparatory to filtration. Sulphitation of the 
filtrated juice from the second oarbonation is practiced in order 
to remove the lime still remaining in the filtrated juice and 
also to bleach the juice. 
accept for these two steps, the carbonation process of sugar 
refining is nearly the same as the defecation process. 
From 7 to 10 per sent by volume of milk of lime of 36.7 de- 
grees Brix (weight per eent of total solid in the solution) is 
added to the juice which has been warmed to about 133 degrees F 
(45 degrees C). The first carbonation is then conducted pre- 
cisely, using a DuPont test paper to keep the pH of the juice be- 
tween 10.5 to 11.0 for good filtrability. The juice is next 
warmed to a temperature of nearly 130 degrees F (55 degrees C) 
and is then filterwpressed. The second carbonation proceeds 
continuously, that is, the first carbonated juice is then car- 
bonated continuously to a pH of about 8.0. The juice is finally 
heated to las degrees F (70 degrees C) preparatory to filtration. 
Before discharging from the tank, the juice should be gassed by 
SOg for a few seconds to prevent deleterious action occluded in 
the precipitates (6). 
Adding lime and CO2 gas results in the carbonation reaction 
according to the equation: 
10 
Ca(0A)2 0)2 CaCO3 1120 
Lime C')2 cas Precipitate 
The flow sheet of a carbonation process factory is shown 
in Fig. 4. 
CALCULATIONS ON STEAM GOVSUMPTION AND 
ITS HEAT BALANCE IN A SUGAR FACTORY 
Introduction 
To study tho performance of a sugar factory, it is necessary 
to determine the steam consumption of the various coliponents of 
the plant. Steam consumption means the amount of steam used for 
the various processes. As the first step, the necessary amount 
of steam for each part of a factory is calculated. From the re- 
sults of the calculation, the necessary amount of steam for a 
whole factory is determined. Generally speaking, the averaue 
steam consumption in sugar factories is nearly EE to 70 per cent 
of the weight of cane (4). Steam consumption is expressed as 
the necessary amount of steam in lb/hr or kg/hr. 
The heat balance is the tabulation of the amount of heat 
absorption and heat liberation by material in the various pro- 
cesses. however, the sugar industry is different fron most chem- 
ical industries. In the sugar industry, the sugar is extracted 
from the raw material (cane), but no chemical reaction and no ab- 
sorption or liberation of heat of reaction takes place. in the 
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heat balance of the sugar factory, the incoming heat is mainly 
supplied by the steam which heats the juice; and the outgoing 
heat is the heat loss from juice due to cooling and radiation. 
At the same time, heat converted into mechanical energy, for ex- 
ample, in turbines and pumps, is also considered. Therefore the 
heat balance in the auger factory is the steam heat balance. 
Tromp (6) divided steam heat balance into three definite stages: 
(a) The boiler heat balance. 
(b) The heat balance of live steam consumers. 
(c) The heat balance of exhaust steam consumers. 
Exhaust steam coming from turbines and pumps is used for the heat- 
ing and boiling of juices. 
The steam consumption and heat balance have a close relation. 
Prom the hest balance, the steam consumption, the heat loss, and 
the efficiencies will be known. This information will be the 
guide to lowered steam consumption and to an improved heat economy 
in the factory. 
In the sugar factory, if fuel is purchased, the fuel cost 
will comprise most of the process cost. The bagasse is available 
as fuel in the sugar factories. In the past it was satisfactory 
to burn the bagasse as fuel. However, at present, the bagasse 
is valuable as raw material for various kinds of chemical pro- 
ducts, such as paper pulp and bagasse-board. Therefore, it is 
desirable to save a great amount of the bagasse by partly burning 
coal as an auxiliary fuel. Economy in the use of heat and steam 
Is important in plant operation. 
There are two methods for saving fuel: 
(a) Heat recovery from stack gases by the installation of 
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economizers, superheaters, and air preheaters. 
(b) Reduction of steam consumption by (1) the use of more 
efficient components in the plant layout, such as multiple-effect 
evaporators, (2) more efficient operation of existing components 
such as the turbine-driven prime mover for the mills, and (3) 
utilization of the available heat of the vapor for evaporated 
Juices. 
The experimental data in the following calculations come 
from "A Handbook for the Taiwan Sugar Industry" (4) and the oper- 
ation data of the Taiwan sugar factories. 
General Assumptions 
1. Grinding capacity: 1,000 tons of cane per day. 
1,000 x 1,000 
2. Grinding capacity per hour: 41,600 kL/hr. 
24 
3. Cane fiber: 12.8 per cent of cane. 
4. Cane fiber: 56.0 per cent of bagasse. 
12.8 
5. Ratio of bagasse to cane: ---- 22,9 per cent. 
56.0 
6. Ratio of mixed juice (Bx. 15) to cane: 105 per cent. 
7. Weight of mixed juice: 41,600 x 1.05 - 43,600 kg/hr. 
8. Water added to dilute juice for clarification: In defecation 
process, 2 per cent of mixed juice; in carbonation process, 
10 per pent of mixed juice. 
9. Thin juice: 
Defecation process: 43,600 x 1.02 44,470 kg/hr. 
Carbonation process: 43,600 x 1.10 47,960 kg/hr. 
15 
10. Syrup (Bx. 63): 43,600 x 10,400 kg/hr. 
63 
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Defecation Process 
A. Steam consumption in each part. 
1. Mill House 
Assume: 
(a) 1 - cane carrier; 2 - cane cutters; 1 - crusher with 
two rolls; 1 - shredder; 4 - mill with three rolls; 1 - bagasse 
carrier. 
4b) Cane cutters, shredder, and bagasse carrier are driven 
by motors; cane carrier is driven by vertical steam engine. 
Calculated Horsepower and Steam Requirements: 
(a) Horsepower for crusher: 18 hp/ton of cane fiber/hr 
Horsepower for single mill: 22 hp/ton of cane fiber/hr 
Horsepower for crusher: 41.6 x 0.128 x 18 = 96 hp 
Horsepower for mill: 41.6 x 0.128 x 22 x 4 = 470 hp 
Total horsepower: 96 + 470 = 566 hp 
Steam consumption of Corliss steam engine used to drive 
mill and crusher: 13 kg/hp-hr 
Total steam consumption of Carling engines 
566 x 13 = 7,350 kg/hr 
Horsepower of vertical steam engine used to drive cans 
carrier: lb hp 
Steam consumption of vertical steam engine: 36 kg/hp-hr 
Total steam consumption of vertical engine: 
15 x 36 = 540 kg/hr 
In summary, steam consumption in the mill house is: 
15 
For crusher and mills: 7,350 kg steam/hr 
For cane carrier: 540 kg steam/hr 
2. Clarification House 
Assume single-batch liming system, continuous subsider to 
separate mud from clarified Juice, and Oliver filter to filter 
out the mud. Except for juice heating and evaporating, no steam 
is consumed in the clarification house. 
(1) Juice Rester (exhaust steam heater) 
The mixed juice is heated from 26° C to 43° C in the vapor 
heaters by means of the vapor juice from the fourth evaporator. 
To heat mixed juice from 43° C to 103° C require.: 
43,600 x 0.90 x (103 - 43) = 2,360,000 kcal/hr 
Assume: 
Exhaust pressure of steam, 0.4 kg/cm2 gage. 
Temperature of condensed water, 86° C. 
2,380,000 
Steam consumption of juice heater: = 4,220 kg/hr 
643 - 85 
Enthalpy of steam 643 k-cal/kg, and specific heat of 
juice = 0.9 
(2) Evaporator 
Assume four effect evaporators and exhaust steam at 0.4 
kg/cm2 gage (temperature 109° C, latent heat 534 k-cal/kg). Con- 
ditions in each effect evaporator are as shown in Table 2. 
Table 2. Conditions in eaoh evaporator. 
Pressure or vac. 
Absolute pres.kg/cm2 
Boiling point ° C 
Latent heat k-cal/kg 
I : II : III : IV 
0.13 Icg/curgiFiie6nammtn 
(gage) (vacuum) (vac.) (vac.) 
1,13 0.79 0.46 0.13 
102 93 80 55 
538 543 551 565 
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Calculation of specific heat of the juice in each evaporator. 
According to "Abraham Formula" (7), 
Brix Brix 
C = (1 - ----) + 0.3 x = 1 0.007 x (Brix) 
100 100 
*hors C specific of the juice; Brix = Brix of the juice. 
Evaporator Brix Specific heat 
I 15 0.90 
II 20 0.85 
III 30 0.80 
IV 40 0.75 
Assume: 
Temperature of inlet juice: 95" C 
Steam consumption in evaporators: W kg/2:r 
Quantity of evaporated water in each effect evaporator: 
Xi, X2, X30 and X4. 
Quantity of evaporated water = thin juice - syrup 
a 44,470 - 10,470 = 34,070 kg/hr 
534 W = 44,470 x 0.90 (102 - 95) + 538 X1 
538 X1 + (44,470 - X1) x 0.85 (102 - 93) 0 543 X2 
543 X2 + (44,470 - Xi X2) x 0.80 (93 - 80) = 551 X3 
581 X3 + (44,470 X2 - X2 X3) x 0.75 (80 - 55) = 584 X4 
and Xi + X2 + X3 + X4 se 34,070 
Simplified: Xi - 0.993 W - 520 
X2 - 0.989 W + 120 
X3 0 0.918 W + 980 
X4 - 0.800 W + 2,400 
3.880 W + 2,980 = 34,070 
Therefore W = 8,450 kg/hr. and 
Xi or 7870 kg/hr, X2 = 8,310 kg/hr, X3 = 8,730 kg/hr, 
X4 = 9,180 kg/hr 
17 
3. Boiling and Crystallisation House 
(1) Boiling of sugar In vacuum pans 
Assume a three-vacuum pan system which mixes A sugar and B 
sugar as commercial sugar, i.e., B White Crystal (BWC), and uses 
C sugar as seed sugar for A and B sugar when boiling. Before 
boiling, molasses is diluted to Bx. 66 (see Fig. 2 and Pig. 3). 
Conditions in each step of boiling are as shown in Table 3. 
Table 3. Conditions in each boiling. 
Steps of boiling INSE 
:Water *Purity 
Massecuite !blesses 
*BrimPUrity PBrixsPurity % 
1st step(producss 
B White Crystal) 0.1 99.3 92.0 86.1 82.0 66.1 
2nd step(produsas 
B White Crystal) 0.2 99,3 94.0 78.0 84.0 64.0 
3rd step(produeos 
seed sugar) 2,6 90,0 99.0 60.0 93.0 31.0 
The weight of the masseculte will always be the sum of the 
sugar crystals plus the weight of the molasses. 
Let PUP. sug. purity of sugar 
Pur. miss. m purity of massecuito 
Pur. mol. purity of molasses 
X se per oent of sugar in crystal form present 
in masseeuite 
Prinsen Qeerligs (Tromp, 6) long ago established the following 
formula: 
100 PUP. mss. Pur. snag. x X Pur. mol. (100 X) 
and the formula can also be written: 
Pur. mss. - Pur. mol. 
X go x 100 
Fur. sug. Pur. 
Per cent of sugar in crystal form present in massecuite. 
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E16.1 - 66.1 
1st step: x 100 = 60, 
99.3 - 66.1 
78.0 - 54.0 
2nd step: x 100 = 53 
99.3 - 54.0 
60.0 - 31.0 
3rd step: x 100 in 49.2% 
90.0 - 31.0 
The amount of evaporated water in each step of boiling is 
as elown in Table 4. 
Table 4. The amount of evaporated water in each boiling. 
Subject Solid a Brix Contained water 
1st step 
Syrup 5,220* 60.0 8,700 
C sugar 750* 97.5 770 
1st massecuite 5,970* 92.0 6,490 
Evaporated water = (8,700 + 770) 
2nd step 
- 6,490 = 2,980 kg/hr 
Syrup 1,000* 60.0 1,670 
let molasses 1,140* 65.0 1,760 
C sugar 470 97.5 480 
2nd massecuite 2,610* 94.0 2,800 
Evaporated water = (1,670 + 1,760 + 480) - 2,800 
0 1,100 kg/hr 
3rd step 
let molasses 1,240* 65.0 1,900 
2nd molasses 1,220* 65.0 1,880 
3rd massecuite 2,460* 99,0 2,500 
Evaporated water = (1,900 1,880) 2,500 = 1,280 kg/hr 
* Operation data of the Taiwan Sugar Corporation. 
Steam consumption in vacuum pans for boiling is shown in 
Table 5. 
19 
Table 5. Steam consumption in vacuum pans. 
Step t Evaporated t Boiling factor : Steam 
: water : (Ratio of steam : consumption 
to water) 
lst step 2,980 1.10* 3,280 
2nd step 1,110 1.15* 1,280 
3rd step 1,280 1.20 1,540 
Total 5,370 kg/hr 6,100 kg/hr 
* Operation data of the Taiwan Sugar Corporation. 
(2) Vacuum Pans 
Each vacuum pan, after boiling and after masseouite flows 
out, is washed by live steam for 15 minutes, using 4 kg/cm2 gage 
pressure live steam (diameter of a steam pipe 1* inches). To 
calculate steam consumption for washing, assume the massecuite 
of a vacuum pan is 18 KL, and specific weight of the masseouite 
at 60 degrees C, ex. 85 is approximately 1.45, i.e., 1.45 kg/L. 
Therefore, each vacuum pan has 1,45 x 15,000 = 22,000 kg of mas- 
secuite. Total weight of masseculte al 5,970 + 2,610 + 2,460 = 
11,040 kg/hr. Necessary number of vacuum pans for boiling per 
11,040 
hour = = 0.50 setAr. By the method given in "A Handbook 
22,000 
for the Taiwan Sugar Industry" (4), 
117 W = 199 At - -- V 
where W = steam consumption kg/sgo 
At = nozzle area, 0.00131 mm (li" digmeter pipe) 
P = pressure of live steam, 5 kg/omP absolute pressure 
V = specific volume of steam, 0.38 cu m/kg at 5 kg/cm2 
absolute pressure 
5 
Therefore, W = 199 x 0.0013 x = 0.95 kg/sec 
0.38 
Therefore, steam consumption = 0.95 x 15 x 60 x 0.50 = 430 kg/hr 
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(3) iicatiniT of Molasses 
Live steam at 3.5 kg/cm2 gage pressure is directly intro- 
duced into iolasses tanks to heat molasses from 40 degrees C to 
70 decrees C to reduce viscosity. 
2,380 
1st molasses = = 2,900 kg/hr 
0.82 
2nd molasses 
1,220 
= 1,450 kg/hr 
0.84 
1,240 
Exhaust molasses = = 1,340 kg/hr 
0.95 
Total molasses 5,690 kg /hr 
Assume: Specific heat of molasses: 0.58 
Specific heat of liquid: 1.00 
3tean at 3.5 kg/cm2 gage pressure, temperature 147 degrees C, 
has a latent heat of 507 k- cal/kg. Therefore, 
5,890 x 0.58 (70 - 40) 
steam consumption = = 170 kg/hr 
507 + 1.0 (147 70) 
(4) Centrifugals 
Using 40-inch by 20-inch centrifugals each served by a steam 
pipe of 3/4-inch diameter, the steam consumption per second for 
washing is calculated as follows: 
tir so r w 199 At --- V 
where At = 0.000345 m2, P = 5 kg/hr, and V = 0.38 cu m/kg. 2here- 
( 
fore, W = 199 x 0.000345 x --5 - es 0.25 kg/sec, or 15 kg/min. 
V 0.38 
In the defecation factory, steam is introduced into A sugar and 
Li sugar only two minutes. Steam consumption in centrifugals is 
as shown in Table 6. 
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Table 6. Steam consumption in centrifugal:. 
Massecuite :No. of con- :Tims for intro- :Steam con - 
into each 
centrifugal, 
kg 
:trifugals 
:per hour, 
:sets 
:duoing steam 
:per each, 
:minutes 
ssum tion, 
tk hr 
.140. 
A sugar 305 22 2 880 
B sugar 300 10 2 300 
Total steam consumptions 980 kg/hr 
(5) Drying of Sugar 
Assume steam consumption for drying sugar is 0.5 per cant 
of sugar produced. Because commercial sugar consists of A sugar 
and B sugar, the weight of sugar is calculated as follows. 
8,970 x 0.60 + 2,610 x 0.83 
Weight of sugar al 5,000 kg/hr 
0.993 
Steam consumption 8,000 x 0.006 25 kg/br 
4. Vacuum Pumps 
The necessary horsepower for vacuum pumps in defecation 
process sugar factory is nearly 28 hp. Assume rate of steam 
consumption is 21 kg/hp -hr. 
Steam consumption 25 x 21 a 530 kg/hr 
8. Steam for Reciprocating Pumps 
(1) Accumulator pumps 
(2) Mixed juice pump: 
(3) Mud pumps 
(4) Thin juice pump: 
(5) Syrup pump: 
(C) Molasses pumps 
(7) Condensate pump: 
1.5 hp 
6.5 hp 
1.7 hp 
6.6 hp 
1.6 hp 
1.0 hp 
4.6 hp 
22 
Total horsepower of the seven kinds of pumps is 23.5 hp 
but for safety, use 25 hp. Assume the rate of steam consumption 
is 36 ,c/hp-hr. 
Steam consumption = 25 x 36 = 900 kg/br 
6. Power House 
Assume necessary power per ton of cane is 7.5 kwhr per ton 
of cane in the defecation process sugar factory, and the rate 
of stewl consumption for driving the generator is 20 kg/kwhr. 
Power consumption - 41,6 x 7.5 m 312 kw; use 320 kw 
Steam consumption In 320 x 20 8,400 kg/hr 
B. Heat Balance of Steam 
(1) Boiler Heat Balance 
8,620 kg/hr Bagasse, 
Output 
k-cal/hr 
Input 
k-cal/hr 
Heating value: 2,500 k-cal/kg 21,553,620 
23,090 kg/hr Feed water, 
Temp 85° C 1,962,650 
23,090 kg/hr Live steam, 
8 kg/cm2, 662 k-eal/kg 65 15,285,580 
Loss in combustion, radiation, 
stack, and others 35 8,830,690 
Total 100 23,518,270 23,516,270 
(2) heat Balance of Live Steam System 
23,090 kg/hr Live steam, 
8 kg/ce, 662 k-cal 
Mill steam engine, heat con- 
verted to work, 566 by 
Mill steam engine, condensa- 
tion and other losses 
Cane carrier steam engine, beat 
converted to work, 15 by 
Cane carrier steam engine, 
condensation and other losses 
Vacuum pump, heat converted 
to work, 25 hp 
Output 
kcal/hr 
362,810 
544,220 
9,610 
28,840 
18,000 
Input 
k-cal/hr 
15,285,580 
Vacuum pump, condensation 
and other losses 
Reciprocating steam pump, heat 
converted to work, 25 hp 
Reciprocating steam pump, 
condensation and other losses 
Power generating, heat converted 
to work, 320 kw 
Power generating, condensation 
and otter loss 
13,658 kg4hr Exhaust steam 
0.4 kg/cm , 643 kcal/kg 
Vacuum pans, 430 kg/hr 
Heating of molasses, 170 kg/hr 
Centrifugals, 060 kg/hr 
Drying, 25 kg/hr 
Steam for boiling, 5,112 kg/hr 
Radiation and other loss, 
673 kg/hr 
Total 
(3) Heat Balance of Exhaust Steam 
Output 
k-cal/hr 
48,000 
16,000 
48,000 
275,520 
275,520 
8,782,120 
284,660 
112,540 
635,520 
16,550 
3,384,140 
445,530 
15,285,580 
System 
Input 
k-cal/hr 
15,285,580 
23 
13,658 kg4br Exhaust steam, 
Output 
k- cal/hr 
Input 
k-cal/hr 
0.4 kg/cm 643 k-cal/ kg 8,782,120 
Juice heating, 4,220 kg/hr 2,713,470 
Evaporating, 8,450 kg/hr 5,433,360 
Boiling, 988 kg/hr 635,290 
Total 8,782,180 8,782,120 
C. Distribution of Steam Consumption 
Based on calculation of steam consumption and heat balance 
of steam, necessary steam required in each part of the defeca- 
tiAl process sugar factory is as shovel in Table 7. 
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Table 7. Steam consumption in the defecation process. 
Subjects 
:Steam consumption: % of total 8 
steam con- s 
sumption s kg/hr 
: 
s lb/hr 
Mill steam engine 1,190 2,618 5.15 
Cane carrier steam 
engine 40 88 0.17 
Vacuum pumps 87 191 C.37 
Reciprocating steam 
engine 75 165 0.33 
Generator mover 670 1,474 290 .9
Heating of molasses 
Vacuum pans 
170 
430 
374 
946 
0.74 
1.86 
Centrifugals 960 2,112 
Drying 25 55 0.11 
Heating 4,220 9,284 18.28 
Evaporating 8,450 18,590 36.60 
Boiling 6,100 13,420 26.42 
Radiation and 
other loss 873 1,481 2.91 
Total 28,090 50,798 100.00 
lb steam 
per lb of 
sane in % 
2.88 
0.10 
0.21 
0.18 
1.61 
0.41 
kgl 
0.06 
i gt 
14.68 
1.62 
55.50 
In summary, steam and power requirements in the defecation 
process of a sugar factory with the grinding capacity of 1,00C 
t:nls car day are: 
Steam consumption ou 23,090 kg/hr, or 50,798 lb/hr 
Power consumption gm 320 kw 
Carbonation Process 
Using the same procedure of calculation as in the defeca- 
tion process, the hes'. balance of a t;pical Formosan sugar 
factory with the carbonation process is determined. 
The distribution of steam consumption is shown in Table P. 
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Table 8. Steam consumption in the carbonation process. 
Subjects 
:Steam consumption: % of total 
steam con- 
sumption 
lb steam 
: per lb of 
: cane in % : kg/hr 
: 
lb/hr : 
Mill steam engine 1,190 2,618 4.44 2.86 
Cane carrier steam 
engine 40 88 0.15 0.10 
CO2 pump and 
vacuum pump 220 484 0.82 0.53 
Reciprocating steam 
engine 100 220 0.37 0.24 
Electric power 750 1,650 2.79 1.80 
Filter press 540 1,188 2.01 1.30 
Vacuum pan 565 1,243 2.11 1.36 
Heating of molasses 215 473 0.80 0.52 
Centrifugala 1,500 3,300 5.59 3.61 
Drying 30 66 0.11 0.07 
Juice heating 4,840 10,648 18.04 11.63 
Evaporating 9,330 20,526 34.78 22.43 
Boiling 6,760 14,872 25.20 16.25 
Radiation and 
other loss 750 1,650 2.79 1.80 
Total 26,830 59,026 100.00 64.50 
In summary, steam and power requirements in the carbonation 
process of a sugar factory with the grinding capacity of 1,000 
tons of cane per day are: 
Steam consumption is 26,830 kg/br, or 69,026 2b/hr 
Power consumption 360 kw 
Comparison of steam consumption and power consumption be- 
tween the defecation process and the carbonation process, each 
with a grinding capacity of 1,000 tons of cane per day, is 
shown in Table 9. 
From Table 9, the steam consumption and power consumption 
in the carbonation process are higher by 16.2 per cent and 12.5 
per cent respectively than in the defecation process. However, 
the carbonation process produces better sugar than the deface- 
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Table 9. Comparison of steam consumption between the defecation 
and carbonation process. 
Subjects : Defecation 
: process 
====.11111t 
Carbonation 
process 
Steam consumption 
lb steam per lb cane in % 
Bagasse consumption 
lb bagasse per lb can. 
in % 
Power consumption 
Power per ton of cane 
23,090 kg/hr or 
50,798 lb 
55.5 
8,620 kg/hr or 
18,964 lb/hr 
20.72% 
320 kw 
7,5 kwhr 
26,830 kg/hr or 
59,026 lb /hr 
64.5 
10,018 kg/hr or 
22,040 lb/tn. 
24.08% 
360 kw 
8.5 kwhr 
tion process. The carbonation process produces B White Crystal 
sugar (BWC) with pol. 99.5 and moisture less than 0.20 per cent, 
while the defecation process produces Superior White Crystal 
sugar (SWC) with pol. 98.5 and moisture less than 0.5 per cent. 
CALCULATION OF HEAT BALANCE BASED ON AN EXAMPLE OF 
ACTUAL OPERATING DATA OF A FORMOSAN SUGAR FACTORY 
The heat balance of the Hugel first factory of Mama dis- 
trict sugar factory, Formosa, in 1953-1954 crop is shown in the 
following. The factory uses the defecation process. The heat 
balance is based on the actual operating data of the Huwsi 
first factory. 
This factory has two independent line assemblies of grind- 
ing mill equipment, designated A tandem and B tandem in Fig. 5, 
and a total grinding capacity of 3,200 tons of cane per day. 
The flow sheet for the defecation process is shown in Fig. 5. 
The actual operating data are given in the following. 
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Fig. 5. Flow sheet of process for defecation in the 
Huwei First Factory of the Taiwan Sugar Corporation. 
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Actual Operating Data 
1. Grinding quantity 
Through 1953-1954 crop = 323,396,970 kg/period. 
Each day = 3,121,464 kg/day 
Polarization (su;;ar content) cane = 13.17 per cent 
Cane fiber = 12.82 per cent 
2. Bagasse 
Weight * cane = 22.59i6; pol. of bagasse = 1.79* of bagasse 
Moisture se 40.92* of bagasse 
3. Mixed juice = weight % cane = 132.03 per cent 
4. Cake 
Weight % cane = 2.92%; pol. of cake = 2.17% of cake 
5. Density and purity of juices 
Juices Brix Fol. ( %) Purity (g) 
Mixed juice 16.33 13.14 85.71 
Clarified juice 16.02 13.17 87.68 
Filtered juice 11.34 9.36 82.64 
Mixed clarified juice 14.83 12.91 87.02 
Raw sugar syrup 56.42 46.08 87.00 
6. Temperature of juices 
Vapor heater Inlet 26.0°C = 78.8°F 
First heater " 35.0°C = 100°F 
Second heater " 65.0°C = 149°F 
First evapor- 
ator n 75.8°C se 168.4°F 
7. Conditions at each evaporator 
Outlet 41.1°C 106°F 
70.0°C = 158 °F 
100.0°C = 212°F 
-vaporator Vacuum Steam or vapor Latent heat 
(inches) temp. (°F) (Btu/lb) 
I 0.0 212.0 970.0 
II 5.0 202.2 976.2 
III 15.0 177.03 991.3 
IV 20.0 161.49 1,001.4 
Last juice 26.6 120.6 1,024.0 
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Conditions in each boiling 1 
'ceps of Sugar flssecuite Iolasses 
boilinc titer % Purity )6 Brix irity ,6 Brix Purity ;Y; 
1st step 0.57 97.35 95.0 31.0 37.0 59.60 
2nd step 5.0 81.0 99.6 62.0 85.0 29.50 
Usin7 the same procedure of calculation as in the previous 
calculation, the heat balance of heaters, evaporators, and 
vacuum pans was determined. 
The heat balance of the boilers is shown in the followinL;. 
reel Quantity for 
firing, kg/ 
period 
Heating value 
k-cal/kg 
Heating value 
k-cal/grinding 
period 
bagasse 64,053,296 2,7102 173,584,432,160 
Goal 4,500 
25,000 2,500 62,600,000 
Total 64,078,296 173,646,932,160 
Heatinp value of bagasse fired per ton of cane = 
173,346,932,160/323,396.97 537,256 k-cal/ton of cnne 
- 537,256 x 3.968 
3 
= 2,131,832 Btu/ton of cane 
1 This factory produces raw sugar with pol. 96.70 and mois- 
ture 0.67% in order to export for refining, and uses the two- 
vacuum-pan system. 
2 According to the empirical formula for the heating value 
of bagasse employed by the former Japanese Taiwan Sugar rTg. 
Co. (8). Thus heating value of bagasse = 4,666 (1 - moisture 
of bagasse) = 4,666 (1 - 0.4092) = 2,710 k-cal/kg. 
3 
1 k -cal = 3.968 Btu. 
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Actual use of feed water measured by flowmeter 
Average Steam evap- Feed water Feed water 
number oration flow rate flow rate 
boilers ton/hr per ton/hr ton/ton of 
in use boiler can/hr 
H-600 Tsunekichi 1.5 18 27 0.208 
Boiler 
L-600 Takuna 5 9 27 0.208 
Boiler 
B & W boiler 2 8 16 0.123 
0.539 
H-600 boiler is 325 psig, 625 °F, temp. of feed water 95°C = 203°F 
Temp. of furnace = 1325°F 
Heat absorbed by the boiler al 
0.208 x 2,200 x (1,325.- (203 - 32)) = 529,000 Btu/ton of cane 
L-600 boiler = 120 psig, 341.25°F, temp. of feed water = 95°C 
= 203°F 
Temp. of furnace - 1,190°F 
Heat absorbed by the boiler a 
0.208 x 2,200 z (1,190 (203 - 32)) - 466,000 Btu/ton of cane 
B & boiler = 120 psig, 341.25°F, temp. of feed water - 96 °C 
= 203°P 
Temp. of furnace - 1,190°F 
Heat absorbed by the boiler - 
0.123 x 2,200 x (1,190 - (203 - 32)) = 276,000 Btu/ton of cane 
Total heat absorbed by the boilers = 1,271,000 Btu/ton of cane 
Boiler efficiency - 1,271,000/2,131,832 - 0.80 - 60% 
The heating value of the steam for the turbo-generator was 
calculated as follows. 
Steam at 300 psig, 525°F, enthalpy = 1,327.4 Btu/lb 
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Steam after isentropic expansion to 10 psig, 240°F, enthalpy 
= 1,141.4 Btu/lb 
Assume over-all engine efficiency is 60 per cent. 
Steam consumption 3,413/0.60 x (1,327.4 - 1,141.4) = 30.6 
lb/kwhr 
Power consumption per ton of cane 
during 1953-1954 crop = 9.21 kwhr 
Power supply to second factory 3.54 kwhr 
Power sold to Taiwan Electric Company 1.63 kwhr 
Total 14.38 kwhr 
Enthalpy of steam 30.6 x 14.38 x 1,327.4 = 583,000 Btu/tan of 
cane 
Equivalent heating value of power used 
is 3,412 x 14.38 = 49,200 Btu/ton of cane 
Lnthalpy of exhaust steam 
is 30,6 x 14.38 x 1,141.4 50,200 Btu/ton of cane 
The distribution of the live steam and the exhaust steam 
is shown in Table 10 and Table 11, respectively. 
Table 10. Distribution of enthalpy of live steam. 
Enthalpy con- 
sumption at 
r Enthalpies Per cent of 
: Btu/ton of total enthalpy 
: cane s consumption 
Turbo -generator 
Mill engine and pump 
Boiling 
Miscellaneous 
883,000 
726,000 
105,157 
56,843 
Total 1,471,000 
39,6 
49,4 
7.2 
3.8 
100.0 
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Table 11. Distribution of enthalpy of exhaust steam. 
Nnthalpy con- 
sumption at 
: Enthalpies Per cent of 
: Btu/ton of a total enthalpy 
cane consumption 
1st juice heater 127,000 
2nd juice heater 191,564 
Evaporator 483,000 
Boiling 220,843 
Heat lose .10,000 
Total 1,032.407 
12.3 
18.5 
46.8 
21.4 
1.0 
100.0 
Work of turbo-generator s 49,200 Btu/ton of cane 
Work of mill engine and pump se 78,000 Btu/ton of cane 
Therefore, heat loss from live steam is 
1,471,000 49,200 - 78,000 - 1,032,407 a 311,400 Btu/ton of 
cane 
DESIGN OF A PLANT LAYOUT FOR THE DEFECATION PROCESS 
WITH GRINDING CAPACITY OF 1,000 METRIC TONS PER DAY 
The plant was designed, based on the previous "Calculation 
of the Steam Consumption and its Heat Balance for the Defecation 
Process," (Fig. 6). The plant consists of three floors, e.g., 
first, second, and third floors. These drawings are self-oxplan- 
story and represent the very careful planning as to location and 
arrangement of all equipment. 
THE SUGAR INDUSTRY AND ITS BY-PRODUCTS 
The problem of the disposition and the utilisation of waste 
materials is one of the major functions of the Sugar Experiment 
Station. The sugar industry, in common with most heavy industries, 
CHAMPION NO. 55 LASP 6X 9 
Fig. 6, part 1 and iiart 2. 
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Is beset with large volumes of effluents and waste materials. 
The disposition of these wastes presented no particular difficulty 
in the past. They were simply dumped on adjacent land or dis- 
charged directly into nearby streams. The slogan "by-products 
insterd of waste products" is heard throughout the industry 
(Van Hook, 9). The discovery of by-products is an important part 
of the research program of the Sugar Experiment Station. Uses 
made of products that once were waste products are listed below. 
1. Bagasse 
a Fuel for firing the boilers 
b. Raw material for manufacturing paper pulp 
c. Raw material for manufacturing celotex-type bagasse- 
board and structural bagasse-board 
2. Molasses 
a. Raw material for manufacturing alcohol and other 
chemicals 
b. Raw material for manufacturing yeast 
c. Raw material for manufacturing feed yeast for piizs 
and chickens 
3. Cake 
a. Used as fertiliser for the farms. 
The distribution of the products from cane is shown in 
Table 12 and Fig. 7. These data are derived from the previous 
calculations on the defecation process sugar factory. 
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Table 12. Distribution of products from cans, 41,600 kg of cane 
per hour 
Product Quantity (kg/hr) Per cent cans 
Sugar 5,000 12,0 
Bagasse 9,600 23.0 
Molasses 1,340 3.2 
Cake 1,040 2.5 
Impurities 620 1.6 
Moisture 24,000 57.8 
Total 41,600 100.0 
STUDY OF A POWER PLANT FOR A SUGAR FACTORY WITH 
A GRINDING CAPACITY OF 2,000 TONS OF CANE PER DAY 
Introduction 
From Table 7 the following data were obtained for 1,000 
tons per day grinding capacity, and the heat balance diagram is 
as shown in Fig. 8. 
Subjects 
Net steam 
consumption 
kg/hr lb/hr 
Live steam 
supplied 
lb/hr 
Exhaust steam 
kg/hr lb/hr 
Mill steam 
engine 1,190 2,618 7,350 16,170 6,160 13,552 
Cana carrier 
steam engine 40 88 540 1,188 500 1,100 
Vacuum pumps 87 191.4 530 1,166 443 974.6 
Reciprocating 
steam pumps 75 165 900 1,980 825 1,815 
Generator prime 
mover 670 1,474 6,400 14,080 5.730 12.606 
Heating of 
molasses 170 374 
Total 13,668 30,047.6 
Vacuum pans 430 946 
Centrifugals 960 2,112 
Dyi 
Boating 4,220 
25 55 
9,284 
Evaporating 8,450 18,590 
Boiling 6,100 13,420 
Radiation and 
other loss 673 1 480 6 
Total 23,090 50,798.0 
FiF. 7 Distribution of product* from cane 
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For 1,000 tons of cane par day, the steam consumption is 
calculated as 23,090 kg/hr and is very close to the actual operat- 
ing value of 22,600 kg/hr for 1,000 tons of cane per day in the 
Huwei First Factory of the Taiwan Sugar Corporation. Therefore 
the data of Table 7 were used as the basis for calculations. 
It is found that power plants for the sugar industry differ 
little from power plants,for any other industry. There are 
three factors to be considered in sugar industry power plants. 
1. The sugar industry offers a relatively new field for the 
application of the steam turbine drive; that is, in the 
sugar factory the steam turbine can be used not only as 
a direct prime mover for the sugar mills themselves but 
also for the shredders and cane knife sets. For the 
mill drives, the steam turbine compares favorably with 
any form of electric drive because of its lower cost, 
its better operating characteristics, and its fewer 
complications. The turbine can also effect a saving in 
maintenance cost for various reasons. One is the ab- 
sence of oil in the exhaust steam, thereby saving in time 
needed for cleaning of the boiler, evaporator, and juice 
heater tubes. Another advantage worth mentioning is the 
fact that the turbines have an automatic forced free 
lubrication system, and therefore do not require the 
constant attention of an operator to oil cups and lubri- 
cators, as would be normally required in the case of re- 
ciprocating engine types of drive. 
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2. A sugar refinery, because of its requirement for low- 
pressure steam in refining processes, provides an oppor- 
tunity for the generation of by-product power. This may 
be accomplished by delivering boiler steam to turbo- 
generators and extracting all or some of this steam at 
low pressure for use in the refinery. 
3. A problem is often present due to the sugar contamina- 
tion of condensate returns to boilers from the refinery. 
The presence of sugar in the boiler water causes prim- 
ing and carry-over to the turbines. Aside from the 
physical deposits of sugar, an acid is formed in the 
boiler tubes which is highly corrosive. Therefore feed- 
water treatment is very important. 
steam Turbine Drive for Mills 
Because the application of steam turbines to drive mills is 
new, there have been very little data published on this subject. 
Schmertz (3) had an opportunity to observe and study a number 
of installations in Louisiana and has developed the following 
data which will be of help to the owner or engineer who is con- 
templating the installation of turbines. 
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Table 13. Steam consumption for mill turbine. 
Names of factories :Tons cane : Width of :Hp/ton of : 
mills :fiber/hr/ : 
in Louisiana :per 24 hrs: inches :mill 
:average : 
Hp/ton of 
fiber/hr/ 
mill 
peak 
Westfield-lst & 
2nd mills 2,330 72 12 16 
Westfield-3rd & 
4th mills 2,330 72 13 17 
Lula 4th mill 2,100 60 15 21 
Greenwood-lst & 
2nd mills 2,400 72 18 411.401, 
Evan Hall 4th mill 3,800 78 17 400111 
Evan Hall 5th mill 3,800 78 19 OP. 
Note: For all four factories, fiber content average at 15 
per cent, maceration 18-19 per cent, roll speed about 50 feet per 
minute, extracted sucrose 91 to 92 per cent. 
After careful consideration of the above data, Schmertz 
concluded that turbine capacity should be selected on the basis 
of 24 horsepower per ton of fiber per hour per mill for the 
future maximum conditions. 
Mechanical drive turbines are made in two types. One is the 
single-stags, as usually used for pump or cans knife drives, and 
the other is the multistage type which is usually used for mill 
drives. The steam consumption and the water rates of single- 
stage (25- to 28-inch wheels) and multistage (28-inch wheels) 
for 400-hp turbines operating at 3,600 rpm with 125 prig initial 
pressure, dry and saturated, and 10 psig exhaust pressure, as 
found by Schmerts, are shown in Table 14. 
Table 14. Steam consumption for mechanical-drive turbine. 
.... 
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Water rate t Total steam flow 
Type of turbine : lb steam per hp-h : lb steam per hr 
Pull load 60% load : Full load : 60% load 
Single stage 40 50 16,000 12,000 
lultistace 32 38 12,800 9,120 
The steam consumption of the multistage turbine is about 
the same as tAat of Corliss engines, even at part load, while 
the steam consumption of the single-state turbine is hither. 
Therefore the use of multistar,e turbines for 71111 drives is 
strongly recoriended. Furthermore, the multistate turbine steam 
consumption is as good as tItlt; of the Corliss ongine, even at 
an initial pressure as low as 85 or 95 psig. 
Based on the foregoing: 
Horsepower required for crasher = 16 hp/ton of cane fiber/hr 
Horsepower required for mill = 24 hp/ton of cane fiber/hr 
Horsepower for crusher = 2,000 x 0.128 x 10/24 = 192 hp 
Horsepower for mill = 2,000 x 0.128 x 24 x 4 = 1026 hp 
Total hp = 192 1,026 = 1,218 hp 
Employing three sets of 400-horsepower mechanical drive 
multistage turbines with initial pressure 125 prig, exhaust pres- 
sure 10 ps1E, the averafe load = 400 x 3 x 0.6 = 720 hp. 2here- 
fore, total avert) steam consumption = 36 x 720 = 27,360 lb/hr. 
By-product Power 
Early in 1947, Farrar (10) mentioned that paper mills, pulp 
mills, sucar mills, and textile finishing, plants are good ex- 
amples of' industries that use larie amounts of oteem in their 
cookers, digesters, and driers, as well as for :pace teatinu. 
It is uwially found that by-product power can be generated at a 
cost lower than the purchase price of power from a utility. 
Table 15 shows the distribution of the live steam and the 
exhaust steam for a grinding capacity of 2,000 tons of cane per 
day using, the defecation process. 
Table 15. Steam consumption. 
Subjeet 
Mill steam engine, 
1,200 hp 
Cane carrier steam 
engine, 30 hp 
Vacuum pump, 50 hp 
Reciprocating steam 
pump, 50 hp 
Generator prime 
mover, 320 kw 
Heating of molasses 
Vacuum pan 
Centrifugal 
Drying 
Heating 
Evaporating 
Boiling 
Radiation and other 
Total 
Net steam 
: consumption 
: lb/hr at 
: 125 psig 
5,236 
176 
362 
330 
2,948 
748 
1,892 
4,224 
110 
18,568 
37,180 
26,840 
loss 2,960 
101,600 
: Live steam : Exhaust 
supplied : steam lb /hr 
: lb/hr at : at 10 psie 
125 psig : 
32,340 27,104 
2,376 2,200 
2,332 1,950 
3,960 3,630 
26,160 25,212 
Total 60,095 
use of exhaust sten.n at 10 psig is as follows: 
Juice heating; 18,568 
Evaporating 37,180 
Boiling 4,347 
Total 60,095 lb/hr 
From "ater Rates of Steam Turbines in Sizes from 500 kw 
to 7,500 kw," by nelander (11), the over-all engine efficiencies 
of 1,500-kw, 3,000-kw, and 6,000-kw turbines at 600 psig, 750 
degrees F, and 1 psia exhaust pressu e, and a I,500-kw turbine 
at 300 psig, 625 decrees F, and 1 psia exhaust pressure, wore 
found to be 66.8 per cent, 71.4 per cent, 75.1 per cent, and 
60 per cent, respectively. 
Using 600-psig, 750 -deb ree F steam for a 1,500...kw, a 3,000 - 
kw, and a 6,000-kw turbine, and 300-psig, 625 -degree F steam 
for a 1,500-kw turbine, steam consumptions wore calculated as 
follows. 
For rversible adiabatic expansion, steam conditions at 
the turbine are shown in the following figure. 
Wf = steam flow 
lb/hr 
h = enthalpy, 
600 psig 1 psia 
750°F ) (2) h = 899 
hp1,379 125 psig 10 psig; 
hms1,220 h1,086 
For the actual trbines, ',::sing the approxilmite over-all 
engine efficiencies given above, the following steam requirements 
were calcuiated. 
(1) 3,000-kw straight condensing turbine: 
Wf 
600 psig 
h=1,379 
f-Psia 
h=1,019 
h = 1,379 - 0.714(1,379 - 890)/(0.97 x 0.90) la 1,019 
3,000 x 3,413 3,000 x 3,413 
Throttle flow, ll 
0.714(1370 - 399) 1,379 - 1,036 
= 30,000 1b/1r 
(2) 1,500-%7g noncoridonsing turbine 
Assume generator efficienc:; is 97 per cent and turbine me- 
chanical efficiency is 0T Dor cent. Then 
G6.2 
average i.ternal efficiency - = 70; 
0.07 x 
or estimating performance of noneendensing turbine, 67 per 
cent was used. 
Wf 
600 psig 
h=1,379 
125 psig 
11=1,272 
h = 1,379 - 0.67(1,370 - 1,2'0) = 1,272 
1,500 x 3,413 
7:f(1,379 - 1,272) = = 5,383,280 
0.97 x 0.98 
Therefore ",rf = 50,300 lb/hr 
(3) 3,000-kw noncondensing, single extraction turbine 
27,360 pounds of steam per hour were to be extracted at 
125 psig for the mill turbines. 
Average internal efficiency = 
71.4 
75 
0.97 x 0.9C 
eor estimatinr the performance of ;:le extraction turbine, 73 
per cent was used. 
Wf 
602 psig 
h=1,379 1) 
125 psig 
11=1,263 
f^) psig 
h=1,165 
hi = 1,379 - 0.73(1,370 - 1,220) = 1,263 
he = 1,379 - 0.73(1,379 - 1,066) = 1,165 
Work done, throttle to extraction point (1) 
= Wf (1,379 - 1,263) = 116 ',of 
Work done, extraction point (1) to exhaust nres 
= Of - 27,360) x (1,263 - 1,165) = 96 Wf - 2,681,280 
Total work = 214 W. - 2,681,280 
Total work = 214 Wf - 2,681,260 = (3,413 x 3,000)1(0.97 x 0.08) 
= 10,760,560 
Therefore Wf = 13,447,640/214 = 63,000 lb/hr 
(4) 6,000-kw double extraction condensing turbine 
27,360 pounds of steam. per hour are to be extractcd at 125 
psig for the mill turbines, and 24,955 pounds per hour are to 
be extracted at 10 psig; for process. 
Wf 
(1) 
psig 
(2) 
= 79- 
GOO psig 
h=1,379 
125 
h=1,257 
\vcraue internal efficiency 
1 psia 
h=1,009 
x 0.97) 
10 
h=1,153 
= 0.751/(0.98 
psig 
7or estimatin performance of extraction turbine, 77 per cent 
was used. 
hi = 1,379 - 0.77 (1,379 - 1,220) = 1,257 
h2 = 1,379 - 0.77 (1,379 - 1,006) = 1,153 
h3 = 1,372 - C.77 (1,379 - 009) = 1,000 
Work done, throttle to extraction point (1) 
= Wf(1,379 - 1,257) = 122 Wf 
cone, extraction point (1) to extraction point (2) 
la (Wt. 
- 27,360) x (1,257 - 1,153) = 104 2,845,440 
Work done, extraction point (2) to extraction point (1) 
= (Wf - 27,360- 24,955) x (1,153 - 1,009) = 144 Wr - 7,533,360 
Dotal work = 370 Wf -10,376,800 
Total work = 370 Wf - 10,376,800 0 (6,000 x 3,413)/(0.0 x 0.98) 
21,553,100 L:tu/hr 
Therefore, throttle flow = Wf = 31,911,900/370 0 86,200 lb/hr 
6,000 x 3,413 
Without extraction, Wf = = 57,000 lb/hr 
0.71'1 x(1,379' - P99) 
(F) 1,F00-kw noncondensin turbine 
Initial pressure 300 psij , initial temperature 605° F, ex- 
haust pressure 10 psig. Por reversible ecJabatic expansion, 
enthalpy at 10 nsi!:. is 1,105 
Averave internal efficiency = 69/(0.97 x 0.98) = 
Por estiAatini- performance of rioncondensing turbine se per cent 
was used. 
300 psie 
hp1,327 
10 psig 
h,= 1,174 
h = 1,327 - 0.68(1,327 - 1,105) = 1,174 
ork = f(1,327 - 1,174) a (1,500 x 3,413)1(0.97 x 0.98) 
5,363,280 Btu/hr 
Throttle flow = = 35,000 lb/hr 
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The calculation of the size of the condense: re(luired is 
shown in the '%.)1lowini. To determine Vie over-all coefficient 
of heat transfer for a surface condenser, it was assumed that 
the tubes would be 1-inch, 18 -gauge Admiralty metal, tue steam- 
side coefficient would be 2,000 Btu per hour per decree tempera- 
ture difference, the scale coefficients would be 2,0(0 Au per 
hour degree on each side, and the water-side coefficient :ould 
be 1,800 Btu per hour degree. Standard dimensions of a --inch 
condenser tube are a wall thickness of 0.049 inch and an inside 
diameter of 0.902 inch, the mean tube diameter is 0.951 inch, 
and thermal conductivity k is 63. 
McAdams (12) lives the following equation to determine the 
over-all coefficient of heat transfer. 
1 dA dA dA CA 
U htdA kw dAw hd dA" h"dA" 
where U = over-all coefficient of heat transfer 
kw = thermal conductivity f'or tube wall 
Xw = thickness of tube wall 
A = area of heat transfer surface; A" on colder side; 
At on warmer side 
h a individual coefficient between fluid and surface 
h' is based on At and t'; h" is based on A" and t"; 
hd is ?or scale 
The area ratios in tie above equation can be replaced by diameter 
ratios. a basis of 1 square foot of outer surface, one obtains 
= 446 Jtu/(hr)(sq ft of outside marface)(deg 
The saturated temperature in a condenser at 1 psia is 1C1.74° 
F. Temperature of coolini: water was assumed to be: inlet, 
70° F; outlet, ft0° P. 
Let zitm = mean temperature difference 
31.74 
Atm = (101.74 - 7C) - (101.74 - f30) /ln = 27` 
21.74 
c is m(4.h), for 3,000 kw is 30,000 x (1,019 - 69.7) 
= 28,9F10,000 btu/hr. Then, using, these values for the 3,000-kw 
condensin turbine, the equation A = q/(114tm) fives 
an area of 2,420 square feet of heat transfer surface of conden- 
ser. As a margin of safety, a value of 2,600 square feet was 
used. 
For the 6,000-kw double extraction condensing turbine, 
is 57,000 x (1,009 - 69.7) = 53,523,000 i3tu /hr, giving an area 
of 4,500 square feet of heat transfer surface for the condenser. 
As a margin of safety, a value of 5,000 square feet was used. 
PossiAle Arranuements 
Existing plant (Fig. 9, Lxisting plant). 
Requirement of refinery: 
125 psig steam, saturated 
10 psig steam 
101,600 lb/hr 
60,100 lb/hr 
Power for refinery from plant turbine 640 kw 
Total fuel consumption, 172,42P,000 i3tu/hr (at 65% boiler 
efficiency) 
excess by- product power generation 
51,)3 a t" lqe4'1'114 
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sft. Stegig 
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To urn ae. 
%OM X 
a-4 / er 'to prorors 
/4/ 37, 4 3.2 /hr-- 7,7 pr?Ce 
)1 rio4.2.1 
/ 0/, 4.00 (ic°5F) 
-mak 
0 psf:3 
cX i!.21 p /airr 
Case I 
Suppose that two 1,E,00-kw, 6(0 -psig, 7E0-do gree P topping 
turbines, plus boilers are used, turbines to exhaust 101,600 
lb/hr of 125 psig steam to refinery. These turbines are used 
to produce by-product power. Per requirement of the refinery 
is still to be met by the existing two 320-kw plant turbines 
(Pig. 10). 
Requirement of refinery: 
600 psig, 750°F steam 101,600 lb/hr for noncondensing 
turbine during refinery opera- 
tion 
125 psig, steam exhausted 
from noncondensing, turbine 101,600 lb/hr 
10 psif, steam 60,100 lb/hr 
Power for refinery from 
plant turbine 640 kw 
'7,"uel consumption 
Power for high-pressure 
boiler -feed pump, fans, 
etc. 
164,000,000 tu /hr for refinery 
and noncondensing, turbine (at 
7!F boiler efficiency) 
150 kw 
By-product power to be sold 2,nn0 kw 
Cost of high-pressure 
boiler, not installed .437,500 
Cost of turbine-gener- 
ator (noncondensing), 
not installed 1q0,000 
Case II 
Suppose that mill turbines anu motor drives are to be used 
to replace steam engine drives. 
To produce by-product power, suppose that one 3,000-kw llon- 
condensinc turbine, exhaust pressure 10 psig, with extraction 
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at 125 psig is to be used to supply 27,360 lb/hr of steam to 
in mill turbines which are to exhaust to process at 10 psig. 
Assume that new 125 psig, saturated steam boilers are to 
be used fr sup lying 32,432 lb/hr steam to process (Pic. 11). 
Requirement of refinery: 
600 psig, 750 °F, steam 
125 psig, steeca extracted 
from noncondensing turbine 
10 psig, steam exhausted 
from noncondensing turbine 
10 psig, stecra exhausted 
from mill turbines 
125 psig, saturated steam 
from 125 psig boilers 
?lower to refinery 
Fuel consumption of hi[h- 
pressure boilers 
Fuel consumption of low- 
pressure boilers 
Total fuel consumption 
63,000 lb/hr for noncondensinu 
turbine during, refinery oper- 
ation 
27,360 lb/hr.for mill turbine 
34,640 lb/hr to process 
27,360 lb/hr to process 
32,432 lb/hr 
73F1 kw 
101,400,000 lAu/hr (at 7E 
boiler efficiency) 
44,240,000 Ltu/hr (at 7F. 
boiler efficiency) 
145,670,000 btu/hr for 
grinding, season 
Power for high- pressure- 
boiler -feed pump, fans, etc. 100 kw 
Power Dor low-pressure- 
boiler-feed pump, fans, etc. 15 kw 
14-product power to be sold 2,147 kw during grinding season 
Cost of 600 psig boilers 
generating 63,000 lb/hr, 
not installed 300,000 
Cost of turbine-generator 
(noncondensing), not in- 
stalled .185,000 
600% 
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Cost of 125 psig boilers 
Eenerating 32,432 lb/hr, 
not installed 90,D00 
Case III 
Suppose that electric motor drives are to be used to re- 
place all steam engine drives in Vae refinery. 
To produce by- product rower, suppose that two 300-psig, 
625°F, 1,500-kw noncondensing turbines are to be employed and 
that t:.:ese are to deliver 63,G00 lb/hr steam to process at 1C 
)181E. 
Assume that new 125- psis:, saturated steam boilers are to 
be used to supply 32,432 lb/hr steam to process (Pic. 12). 
Requirement of refinery: 
300 psig, 625°F, steam 63,000 lb/hr for noncondens- 
ing turbines during refinery 
operation 
32,432 lb/hr from 125 psig 
boilers for process 
60,100 lb/hr for process, 
exhaust from turbines 
125 psig, saturated steam 
10 psig, steam 
Power for refinery 
consumption 
Fuel consumption 
2otal fuel consumption 
1,633 kw 
97,400,000 btu/hr for high- 
pressure boiler (at 75;: 
boiler efficiency) 
44,240,000 13tu/hr for low- 
pressure boiler (at 75. 
boiler efficiency) 
141,640,000 Utu/hr 
Power for high-pressure- 
boiler-feed pump, fans, etc. PO kw 
Power for low-pressure- 
boiler-feed pump, fans, etc. 15 kw 
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Cost of 600 psig boilers 
generating 64,000 lb/hr, 
not installed 
Cost of turbine (noncon- 
densing), not installed 
Cost of 125 psig boilers 
generating 32,432 lb/hr, 
not installed 
'4,230,000 
=165,000 
%90,000 
Estimated Value of Power to Utility 
Load factor 0.00 0.50 
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?uel cost 13,500 Btu/kwhr at 
20 cents/million situ 0.27 cents 0.27 cents 
Capital charges 
175 x 13 x 100 
8760 x 0.90 (load factor) 
0.22 cents 0.44 cents 
0.49 cents 0.71 cents 
sale value of power be 0.25 cents/kwhr if sold as dump 
power during tie six-months period in which the mfinery oper- 
ates. 
Let sale value of power to utility be 0.50 cents/kwhr if 
sold as firm power throughout the year at 0.90 load factor. 
Let sale value of power to utility be 0.70 cents/kwhr if 
sold to aid utility solely during period of low availability of 
i'ciroelcctric power. 
Caso I 
Assume that existing 125 paig, sten boilers must be re- 
placed, and that fuel consumption of a new 125 psig, base boiler 
generating 101,600 lb/hr is 149,300,000 Btu/hr (at 75. boiler 
efficiency. 
Estimate of cost of 600 psig, boilers ;',,437,500 
Estimate of cost of turbine (Ilon- 
densing) 
Estimate of cost of 125 psig, boilers 
with capacity equivalent to that of 
600 psig, boilers 
4480,000 
;i280,000 
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Increment of investment over invest- 
ment for 125 psig boilers 337,500 
Assume by-product power is sold only during the six-months 
period In wl-Ach the refinery operates. and the power-generating 
capacity of c utility is not enou01 to supply the demand for it. 
Fuel charges against by- 
product power 164,000,000 - 149,300,000 
w 14,700,000 LituAir 
14,700,000 x 20 x 8760 x 0.5 x 0.9 
i11,600 
1,000,000 x 100 
Annual return from by-product power sold (sale value 0.7 
2,880 x 0.7 x 3760 x 0.5 x 0.9 
cents/kwhr) = is $79,400 
100 
Net annual return from increment of investment m $67,800 
Capitalized value of annual return = 67,300/0.15 = i,452,000 
Capitalized value of return on investment - added cost 
of boilers and turbines (not installed) = A.14,500 
Case II 
Estimate of cost of 600 psig, boilers: 300,000 
Estimate of cost of turbine (non- 
condensing) ,135,000 
Estimate of cost of supplementary 
125 psig, boilers 90,000 
Estimate of boiler cost using" only 
125 psig, boilers ;,280,000 
Increment of investment over cost of 125 psig 
boilers 295,000 
Furl saved m 149,300,000 - 145,670,000 = 3'6300000 atu/hr 
'Value of fuel saved . 7.(1 
3,630,000 x 2V x 8780 x 0.5 x 0.9 
1,000,000 x 100 
= 42,900 
Annual return from by-product power sold (sale value 0.7 
2,147 x 0.70 x 3760 x 0.5 x 0.9 
cents/kwhr) = ------------------------------- = 459,400 
100 
Net annual return from increment of investont = *62,300 
Capitalized value of annual return = 62,300/0.15 = 4418,000 
Capitalized value of return on Investment - added cost of 
boilers and turbines (not J.nstalled) 
Cane III 
Estimate of cost of 300 psig, boilers 
Estimate of cost of turbine (non- 
= 0121,000 
230,000 
densing) $185,000 
Estimate of cost of 125 psig, oilers 0 90,000 
Estimate o cost of base boilers ii.280,000 
Increment or investment over cost of 
125 pi g boilers $205,000 
Fuel saved m 149,300,000 - 141, 40,000 = 7,660,000 atu/hr 
7,660,000 x 20 x 8760 x 0.5 x 0.9 
o0 fuel saved = ----------- -- - - ---- - -- ------- 
1,000,000 x 100 
06,040 
Annual return from by-product power sold (sale value 0.7 
972 x 0.70 x 6760 x 0.5 x 0.9 
cents/kvhr) 4%260500 
100 
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Net annual return from increment or investment = 2,940 
Capitalised value of annual return = 32,940/0.15 = 220,000 
Capitalized value of return on investment - added cost of 
hollers and turbines (not installed) = 
CONCLUSIONS. 
' Alma° 
The demand for steam in the auger refinery is heavy and the 
demand for power is light. Therefore there is an opportualty to 
produce by-product power and sell the excess amount of power to 
a utility. This may be accomplished by delivering high-pressure 
boiler steam to turbo-generators and extracting all or some of 
this steam at low pressure for use in the refinery. This was not 
attractive In the past in Formosa due to the small demand for 
electricity. 
Due to the rapid increase of now industries and population 
in Oormeea, the demand for power is increasing day by day. Most 
of the power plants of the Taiwan Llectric Company are hydro- 
electric: power plants. ?or three or four meaths of the year 
the shortace of rain causes a shortage of power-generating 
capacity in the Taiwan A.ectric Company. During these months, 
and for an additional two or three months, & typical Formosan 
refinery is capable of delivering excess by-product power and 
supplying this power to the Taiwan Electric Company et & rate 
which might prove attractive. 
The heat. balance of a typical Parmesan sugar refinery has 
been worked out and used as a bass for studyin6 three cases 
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wherein by-product power t to be generated for sale to the 
Taiwan electric Comenny. 
Por preliminary studies to determine the feasibility of a 
Pormosan sugar refinery sellimg by-product power to a utility,the 
sale value of power was assumed as follows : Dump power sale 
value, .25 cents/kwhr; firm year-round power sale value, .50 
cents/kwhr; peek load power sale value, 70 cents/kwhr. 
Case i represents one means of obtelniree by-product power 
for six months annually during the grinding season from two 
500-kw turbo-generators. In this cese, assuming that power can 
be sold at .70 cents/kwhr, the estimated capitalized gain for 
generating by-product power during the grinding season is 
'el14,500 in excess of the increment of investment in turbines 
and. boilers alone, that is, not including. installation and other 
associated cots, required for the generation of salable by- 
product power. This increment of investment is in excess of the 
cost of 125- s ; boilers with capacity equivalent to that of the 
604-psig boiler used for generating by-product power. 
In Case U, the mill steam engines are replaced by -mill tur- 
bines, the steam consumption of whIch has been assumed less than 
that of the mill steam engines. Also, steam drives are replaced 
by electric motor drivss. To produce by-product power, one 
3,000-kw extraction noncondensing turbine is installed for use 
during tho grinding season. Assuming that power can be sold for 
0.7 cents per kwhr, the capitalized gain for generating by-pro- 
duct power during the six-months grinding season Is 4121,000 in 
excess of the increment of investment in turbines and boilers 
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alone, that is, not including installation and the associated 
costs required for genereting salable by-product power. 
In Case III, electric motor drives replaced all steam drives 
in the refinery. ?or producing by-product power, two 1, 500-kw 
noncondensing turbines were assumed to be installed- Assuming 
that power can be sold for 0.7 cents per kwhr, the capitalized 
gain for generntine by-product poor durine the six-months 
grinding season is 0.5,000 In excees of the increment of invest- 
ment in turbines for boilers alone, that Is, not Including in- 
stallation and the associeted costs required for generating 
salable by-product power. 
or sales values of power of .25 cents/kwbr and .50 cents/ 
kwhr, the generation of by-product power for sale to a utility 
was found not to be economical. Purther study is needed since 
the data presented on costs are prelineteary estimates only and 
do not include all items of expense. 
It was found economical to eenerete by-eroduct power to 
sell to a utility only if one could assume that the utility, due 
to lack of water power, would need the additional capacity pro- 
vided in the form of by-product power and would be willing to 
pay in the neighborhood of 7/10 cents per kwhr for the power 
purchased by it. The coincidence of the period of refinery 
operetion with the period of low water for hydroelectric power 
favored the assumption that this requirement might be satisfied. 
Case II provided more efficient refinery operation due to 
the use of mill turbines In the place of steam eneiner, it 
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reduced leskee steam 4,980 lbs pr 1.3ur. Insofar as the econo;Ilic 
factors could be evaluated, this cae gave the optimum cost con- 
dition. This case also provides th e advantaes of neatness and 
cleanliness obtainable with the electric motor drives and the 
mill turbine drives in the refinery. 
63 
ACKNOWLEDGM14T 
The author hereby acknowledges with thanks the invaluable 
assistpnce received from Professor LInn Felander and l'rofosser 
n. Crnnk in tree preperetion of this thesis. 
64 
(1) News Letter. 
Vol. II, o. 170 March 10, 1953, Taiwan Sugar Corporation. 
(2) A Brief Report of the Taiwan tigar Corporation. 
January, 1953, Taiwan Sugar Corporation, Formosa, (;hina. 
(3) Schmertz, P. 
"How to Seloct Turbines for ;p111 Drive." The SuFar 
Journal, pri1, May, June, 1951. 
(4) A Handbook for the Taiwan Sugar Industry. Two volumes, 
1952, Chief Engineer's Office, Taiwan Sugar Corporation. 
Tromp, L. 
Yachlnary and Equipment of the Cane Sugar Factory. 
London: Norman Rodger, 1936. 
(6) Spencer. 
A handbook for Cane Sugar aufacturers and Their Chemists. 
New York: John Wiley and Sons. 1029, 
(7) International Sugar Journal, "134. 
(8) Tanaka, M. 
Development of Bagasse Boilers, Osaka, Japan, Takuma 
Boiler Mfg. Co., 1954. 
(9) Van Hook, Andrew. 
Sugar. New York: Ronald Press Company, 1949. 
(10) Farrar, G. D. 
"Application of Turbines to Industry." Power Sales Confer- 
ence, Southeastern Edectric Lxchange, May 8, 1947, General 
Electric Company. 
(11) Helander, Linn. 
Water Rates of Steam Turbines in Size from 500 kw to 7500 
kw. Kansas State Collaae, Oct., 1940. 
(12) McAdams, W. . 
Heat Transmission. Not York: 1942. 
SURVEY OF FORMOSAN SUGAR REFINERY PRAC1IC 
WITH REGARD TO THE POSSIBILITY OF PUODUCIN 
BY-PRODUCT POWER TO SELL TO UTILITY 
by 
LUN 
B. S. M. E., attona1 Taiwan University, 1960 
ABSTRACT OF 
A THESIS 
submitted in partial fulfillment of the 
requirements for the dogrel, 
MASTER OF SCIENCE 
Department of Mechanical Engineering 
KANSAS STATE COLLEGE 
OF AGRICULTURE AL) APPLIED SCIENCE 
1955 
In the sugar refinery, if fuel is purchased, the fuel cost 
comprises most of the process cost. The bagasse is available 
as fuel In the sugar factories. In the past it was satisfactory 
to burn the baFasse as fuel. However, at present, the bagasse 
is valuable as raw material for various k nde or chemical pro- 
ducts, such as paper pulp and bkJ1sse-board. Therefore it is 
desirable to save a great amount of the bagasse, and thus the 
heat economy and minimum steam conaumption must be considered as 
important considerations in plant operation. 
The first step in analyzing the possibilities of improving 
the fuel economy of a plant is to develop what is known as 
beat balance of the plant. This is simply an accounting of the 
disposition of the energy in the fuel burned, such that wastages 
may be detected and stopped. 
The heat balance in the sugar refinery is the steam heat 
bal ance and is divided into three definite parts for calcula- 
tion purposes. 
(a) The boiler heat balance. 
(b) The heat balance of live steam consumers. 
(c) The beat balance of exhaust steam consumers. 
i heat balance of a typical 2ormosen sugar refinery has 
been worked out, and is presented in this thesis. The beat bal- 
ance has been used as a basis for making preliminary predictions 
of the possibility of effecting economies in the utilization of 
fuel by the use of high-pressure boilers and modern steam tur- 
bines to produce electrical power a6 a by-product Vor sale to a 
utility. 
Three different eases were studied. It W613 found that it 
may be economical to generate by-product power to sell to a 
utility only during the six-months grinding season. 
Case II provided more efficient refinery operation due to 
the use of will turbines in the place of steam engines. To pro- 
duce byproduct power, one 5,000-kw extraction nencondensing 
turbine was employed for use during the grinding season. ;nee. 
far as the economic factors could be evaluated, this case gave 
the optimum cost condition. This case also provided the advan- 
tages of neatness and cleanliness obtainable with the electric 
motor drives and the miI1 turbine drives in the ref4nery. 
Due to the rapid increase of new industries and population 
in Rermosa, the demand for power Is increasine: day by day, but 
the power generating capacity of the Taiwan Llectric Company is 
not enough to supply the demand. Therefore there Is,* possi- 
bility of producing by-product power In the sugar refinery for 
sale to a utility. 
